
126 


FIG. 1 

PRIOR ART 


APPROVED 

o.Q. f:g. 

BY 

CLASS j SUBCLASS 


L. 1 


2/39 


WAFL INCORE 

_INODEA2048 


2152 


222 
-220 


2878 


220A 


222A 


230- 


2878 


240- 


3448 


230 A 


2152 


3712! 

J 


250- 


-250 A 


3448 


3712 


-240A 


DIRTY [NODE 
LIST 210 


FIG. 2 


ON-DISK 
INODE 


16 BLOCK 
NUMBERS HAVING 
SAME LEVEL OF 
INDIRECTION 31 OB 



15 


ON-DISK 

INFORMATION 31 OA 
INCLUDING OWNER, 
PERMISSIONS, 
ACCESS TIME. ETC. 


-310 


FIG. 3 


3/39 


LEVEL 0 
INODE 


LEVEL 0 
INODE 


410- 


4-BYTES OF DATA 


4-BYTES OF DATA 


4-BYTES OF DATA 


31 OA 


64-BYTES 
OF DATA 
41 OB 


FIG. 4A 


LEVEL 1 
INODE 


DATA 
BLOCK 


31 OA 


31 OB -l 





PTRO 



PTR 1 

• 



• 

• 


• 

• 



• 

• 

PTR 15 



420B 


310 


FIG. 4B 


420C 



1023 

430C 


FIG. 4C 



6/39 


510- 


520- 
530- 


540- 


550- 


MARK ALL "DIRTY" 
INODES AS IN 
CONSISTENCY 
POINT 


FLUSH 
REGULAR FILES 


FLUSH 
META-DATA FILES 


FLUSH 
FSINFO BLOCK 


PROCESS INODES 
THAT WERE NOT 
IN CONSISTENCY 
POINT 


FIG. 5 


610- 


PRE-FLUSH THE 
INODES OF THE 
BLKMAP FILE 


620- 


630- 


530 


640- 


650- 


WRITE-ALLOCATE 
DISK SPACE FOR 
ALL DIRTY BLOCKS 


FLUSH THE 
INODE FOR THE 
BLKMAP FILE 


UPDATE ENTRIES 
IN BLKMAP FILE 


WRITE DIRTY 
BLOCKS IN 
BLKMAP AND INODE 
FILES TO DISK 


FIG. 6 


IO.G. RG. 


S >' I CLASS 
DRAPTSViAN | 


SUBCLASS 


7/39 


530 


710- 


720- 


730- 


740- 


750- 


PRE-FLUSH THE 
INODES OF THE 
BLKMAP FILE 

AND THE 
SNAPSHOT 


760- 


770- 




DIRTY EVERY 
BLOCK IN THE 
BLKMAP FILE 



WRITE-ALLOCATE 
DISK SPACE FOR 
ALL DIRTY BLOCKS 




COPY ROOT 
INODE OF FILE 
SYSTEM INTO 
SNAPSHOT INODE 


FLUSH THE 
INODE FOR THE 

BLKMAP FILE 
AND SNAPSHOT 


UPDATE ENTRIES IN 
BLKMAP FILE BY 
COPYING FS-Bn 
INTO CP-BIT AND 
SNAPSHOT BIT 


WRITE DIRTY 

BLOCKS IN 
BLKMAP AND 
INODE FILES 
TO DISK 


FIG. 7 


C.Q. FIG. 


^ ^ I CLASS I SUBCLASS 


8/39 


INCORE 
INODE 


WAFL BUFFER 
DATA STRUCTURE 
820A 


16 POINTERS HAVING 
SAME LEVEL OF < 
INDIRECTION 820B 


INCORE 

INFORMATION 820C 
INCLUDING DIRTY FLAG, 
IN-CP FLAG, LINKED 
LIST POINTER(S) 


820-^ 


PTR 15 


I 


, ON-DISK 
( INODE 310 


FIG.8 


ATFROVEO 


BY 

d\ A^-Jt T CI ACC 


1 


9/39 


LEVEL 0 
INODE 


4-BYTES OF DATA 


4-BYTES OF DATA 


4-BYTES OF DATA 


31 OA, 
31 OB 
820A 


64-BYTES 
fOF DATA 
920B 


820- 


F/G. 9A 


31 OA, 
310B, 
820A 


820B ^ 


LEVEL 1 
INODE 


DATA (DIRECT) 
BUFFER 





PTRO 



PTR 1 

• 



• 

• 


• 

• 



• 

• 

PTR 15 



922B 


820 


922C 


FIG. 9B 


C>' i CLAP-S |SUBCLASS 


10/39 


LEVEL 2 


DATA 
BUFFER 


310A, r 

310B,^ 
820A 


820B<^ 


9408 


940C 



FIG. 9C 


11739 



APPROVED 

O.G. F!G. 

3V 

CLASS 

ci JRPI AS*^ 





12/39 



' ATPROVED^Q p^G. 



13/39 


BLKMAP ' 
ENTRY ; 

11108-^ 


1110 


BLKMAP 
FILE 


-1110A 


1110C 


1110D 


CP-BIT 


FIG. 11 A 


SNAPSHOT BITS (BIT 1 - BIT 20) 1 1 1 0A 


BIT 31 I BIT 30 I BIT 29 | BIT 28 | | BIT 3 | BIT 2 | BIT 1 | BITO 


UPPER 1 1 BITS (BIT 21 - BIT 31 ) 
ARE RESERVED 


7 

FS-BIT 


FIG. 11 B 


1110A 


FREE BLOCK 

FIG. lie 


1110A 
BITO / 


BLOCK IN 
ACTIVE FILE SYSTEM 


FS-BIT 


FIG. 11 D 


1210A 
INCORE r 
(ON-DISK) J 
INODE 1 
820(310) 

12108^ 


12100-" 
1210D-^ 
1210E^ 


14/39 

INODE 
FILE 


1210 


4KB 

BUFFER 1220 
(BLOCK) 


1210F 


FIG. 12 


1412A 

\ 


FIXED 
LENGTH 
ENTRY 


1412^ 


1414- 

VARIABLE 
LENGTH 
ENTRY 

1416 


1418 


HASH 
VALUE 


1412B 


POINTER 


"DIRECTORY ABC" 


1410 
DIRECTORY 



M410B 


FIG. 14 


1 -'^^P^-^o lo.G.RG. 


SUBCLASS 


15/39 


1310A- 
1310B- 


1310C-" 

I 

1310 


INOMAP 
FILE 

32 


FIG. 13A 


1340 


1350A 
1350B- 


1350C^^ 
1350 


INOMAP 
FILE 

32 


1340A 


1340B- 


1340C- 


FIG. 13B 


I ClASS jSUBCLASS 
D.jftFT3!vy>.N ( I 


1510C. 
1510D- 


16/39 

FSINFO 
BLOCK 


CHECKSUM 


GENERATION COUNT 


1510 


. MISCELLANEOUS 
DATA 151 OA 


INODE OF 
^ INODE FILE 
1510B 


FIG. 15 



/-2306A 

23066^ 

CP FLAG 
^ 2391 


0 

0 

• 

• 



.CP FLAG 
-^2392 


LIST 2390 OF 
INODES WITH 
DIRTY BUFFERS 


FIG. 17 A 



/^2306A ^ 
2306B^ 

/-2391 

2392^ 


1 

1 

• 




LIST 2390 OF 
INODES WITH 
DIRTY BUFFERS 


FIG. 171 



FSINFO 


1610-^ FSINFO 



I NODE 1620A 
OF BLKMAP 
FILE 1630 


INODE 1620B 
OF INOMAP < 
FILE 1640 


INODE 1620C 
OF ROOT 
DIRECTORY 
1650 OF 
FILE SYSTEM 


PLURALITY 
OF INODES 
FOR FILES S 
IN THE 
FILE SYSTEM 


MISCELLANEOUS 
DATA 161 OA 


INODE 161 OA OF 
INODE FILE 1620 


BLKMAP FILE 


1640 
INOMAP FILE 


1650 
ROOT 

DIRECTORY 


1620D 


1660 


I TYPICAL 
^ FILE OR 
DIRECTORY 


■1620 


FILE SYSTEM 1670 


FIG. 16 


18/39 




fO.G. FIG. 

BY 

lCLP!^S fSUBGLASS 


s 


19/39 




Gi. -- '"-S ii SUBCLASS I 


20/39 


2304 
2306 
2308 
2310 
2312 
2314 
2316 
2318 
2320 
2322 
2324 
2326 
2328 


BIT 31 
(CP-BIT) 


BIT 1 BIT 0 
(FS-BIT) 




— 

— - — 

— - — 



— - — 

U 



— - — 






••• 

^ 


— ^ — 



0 













0 


0 

0 

1 


1 

1 

0 


0 

0 

0 


0 

0 






-2324A 

-2324B 

-2324C 

-2324D 

-2324E 

-2324F 

-2324G 

-2324H 

- 23241 

-2324J 

-2324K 

-2324L 

-2324M 


4 KB 
BLOCK 
2324 


FIG. 17D 


BLOCK # 

2304 
2306- 
2308- 
2310- 
2312- 
2314- 
2316 
2318- 
2320- 
2322- 
2324- 
2326- 
2328- 


BIT31 
(CP-BIT) 


BIT 1 BIT 0 
(FS-BlT) 



1 



1 


0 



0 


1 


0 

1 


1 



1 


1 



1 


0 



0 


1 



1 


1 



1 


0 



0 


1 


0 

1 


0 


1 

0 


1 


0 

1 














-2326A 
-2326B 
-2326C 
-2326D 
-2326E 
-2326F 
-2326G 
-2326H 
- 23261 
-2326J 
-2326K 
-2326L 


4 KB 
>■ BLOCK 
2326 


FIG. 17J 


21/39 



BV [C^SISUBCLASS 


22/39 


LU 


LU 

Q CO 

OS 



o 

CvJ 






• • • 

CO 

CO 

CO 


CVJ 


CM 




o 

CM 




CO 

CO 



• • • 

CVJ 

CM 






CD 


< OQ U O 

CO CO OO CO 

o o o o 

CO CO CO CO 
CM CJ CVJ CM 


Ll_ CD 


OR 
OO 


23/39 



ISUBCLASS 


24/39 



o 

CM 






• • • 

CO 

CO 

CO 


CM 

CM 

CM 




o 

CM 






• • • 

CO 

CO 

CO 


CM 

CM 

CM 



CD 



< CD O 
CO GO 00 
O O O 
CO CO CO 
CM CM CM 


00 
O 
CO 
CM 


Ll_ CD 


OQ 


f SUBCLASS 

I 


25/39 




PROVED }o.a RG. 


j BY 5 CLASS h 


SUBCLASS 


26/39 




27/39 




FIG. 18B 



28/39 



FIG. 18C 


29/39 


1824 



DOUBLE- SINGLE- DIRECT 

INDIRECT INDIRECT BLOCKS 

BLOCKS BLOCKS 


FIG. 19 


^v^o las. RG. 
av ^GlASSj SUBCLASS 


30/39 


181 OA 


FSINFO 
BLOCK 1810 



FSINFO 
BLOCK 1870 


1810D 


1870Di 



FILE 
SYSTEM 
1830 


FIG. 20A 


1810A 


1870D- 


FSINFO 
BLOCK 1810 


1 


ROOT 
INODE 


FSINFO 
BLOCK 1870 


ROOT 
INODE 


1810D 



FIG. 20B 


i cD.5s jSUBCLASSj 


181 OA 


1870D 


FSINFO 
BLOCK 1810 


FSINFO 
BLOCK 1870 


31/39 



1810D 



FILE 
SYSTEM 
1830 


FIG. 20C 


SNAPSHOT 2 BIT 


BLOCK # 

2304 
2306 
2308- 
2310 
2312- 
2314- 
2316- 
2318- 
2320- 
2322- 
2324- 
2326- 
2328- 


BIT 31 
(CP-BIT) 


BIT 2 BIT1 BITO 
(FS-BIT) 



1 


1 


1 


0 


0 


0 


1 


1 

0 

1 


1 


1 


1 


1 


1 


1 


0 


0 


0 


1 


1 


1 


1 


1 


1 


0 


0 


0 


1 


1 

0 

1 


0 


0 

1 

0 


1 


1 

0 

1 
















-2326A 

-2326B 

-2326C 

-2326D 

-2326E 

-2326F 

-2326G 

-2326H 

- 23261 

-2326J 

-2326K 

-2326L 


4 KB 
J- BLOCK 
2326 


FIG. 21 E 


-Drd n SUBCLASS 



32/39 


<M 

CO << 

CM ^ 

— —I — CO 

LL. CQU-CVJ 



o 

CM 







CO 

CO 

CO 

• • • 

CM 

CM 

CM 




o 

CM 




CO 

CO 



• • • 

CM 

CM 





LL CO 


.LU 

OQ 


< CD O Q 

00 00 00 CD 

o o o o 

CO CO CO CO 
CM CM CM CM 

LU 
Q 
O 


CM 
H 
O 
X 
CO 

< 

CO 


00 

o 

CO 
CM 


33/39 



II SUBCLASS 


34/39 




35/39 


O 

CO 
CVJ 


CVJ 

CVJ § 

— -J — s 

OJ LL CQLLCVJ 


CO 
CM * 





36/39 



I '-PROVED ^ 
j BY tSSssTsUBCLASsj 


37/39 


FSINFO 2104 FSINFO 
BLOCK ^ BLOCK 


2102 


SNAPSHOT 1 
INODE 2110A 

SNAPSHOT 2 
INODE 2110B 

SNAPSHOT 3 
INODE 21 IOC 


BLKMAP 
INODE 2110D 

INOMAP 
INODE 2110E 

ROOT DIRECTORY 
211 OF 


FILE INODE J 
2110G I 


SNAPSHOT 


2120 



ACTIVE 
FILE SYSTEM 
INODE FILE 2110 


FIG. 22 



39/39 



